Malignant hyperthermia (MH) is a rare but fatal complication that develops under general anesthesia. Particularly, reports of postoperative MH are rare. This report describes the very rare case of a 29-year-old woman with neurological impairment complicated by rhabdomyolysis due to postoperative MH with an onset 30 hours after laparoscopic Nissen fundoplication and open gastrostomy, and the successful medical treatment of MH. We review the literature on this type of relationship between postoperative MH and neurological impairment, and discuss the clinical features of this complication. Furthermore, the usefulness of magnetic resonance imaging for the diagnosis of rhabdmyolysis caused by postoperative MH was explored.
Introduction
The prevalence of malignant hyperthermia (MH) is reportedly 1:50,000 -250,000 during general anesthesia. With the introduction of dantrolene, mortality due to MH has decreased significantly [1] , but MH is still a life-threatening condition, with a mortality of 15% in patients with fulminant MH (f-MH). The onset of MH is usually during general anesthesia. Postoperative MH is defined as that after general anesthesia. The prevalence of postoperative MH is reportedly 1.9% of MH and begins shortly after the complication of anesthetic care [2] .
We herein report a case of rhabdomyolysis caused by postoperative MH associated with an onset 30 hours after laparoscopic Nissen fundoplication and open gastrostomy for a 29-year-old woman with neurological impairment. We review the literature on this type of disorder, and discuss the problems associated with the characteristics of children with rhabdmyolysis due to postoperative MH with neurological impairment, particularly concerning the importance of MRI in the diagnosis of rhabdomyolysis.
Case Report
A 29-year-old woman, weighing 16.9 kg and 113 cm tall, was admitted to our hospital due to eating disorder and gastroesophageal reflux. The patient had scoliosis. Her medical history showed marked mental retardation, cerebral palsy, and contracture due to neuroaxal dystrophy. There was neither a personal nor family history of muscular dystrophy or MH. She had no history of drug allergies. The results of preoperative laboratory tests showed: aspartate aminotransferase, 31 U/L; alanine aminotransferase, 26 U/L; blood urea nitrogen, 17 mg/dl; serum creatinine, 0.4 mg/dl; and creatine kinase, 528 IU/L (normal: 45 -163 IU/L).
The patient was taken to the operation room for laparoscopic Nissen fundoplication and open gastrostomy, and a rapid sequence induction for general anesthesia was performed. The patient received rocronium at 15 mg and propofol at 200 mg for general induction. She was maintained with oxygen and sevoflurane anesthesia in addition to remifentanyl. The body temperature during general anesthesia ranged from 36.0˚C to 36.5˚C. The operation time was 3 hours and 47 minutes, and the period of general anesthesia was 5 hours and 33 minutes. The patient was exubated and returned to her bed with no problems. of 39.0˚C accompanied by tachycardia (130 bpm/min) which was resistant to acetaminophen. We suspected respiratory infection because she showed Pseudomonas aeruginosa on the preoperative culture of a pharyngeal specimen. Therefore, the patient received intravenous antibiotic therapy.
On the second day after the operation at postoperative 40 hours, the patient developed hyperthermia of 41.1˚C followed by anuria and hematuria (Figure 1) . The initial work-up revealed a markedly elevated creatinine kinase level of 7770 IU/L, abnormal urine myoglobin level of 37,000 ng/ml (normal 0 -10 ng/ml ), and serum myogloin level of 9057.3 mg/ml (normal 0 -60 ng/ml). The serum calcium level was 9.8 mg/dl, the blood urine nitrogen level was 49 mg/dl, and creatinine was 0.9 mg/dl. Plain computed tomography showed no chest effusion, pneumonia, or abdominal mass. We diagnosed her with rhabdomyolysis and renal failure caused by postoperative MH based on Morio's criteria [3] . To manage general deterioration due to postoperative MH, the patient was transferred to the intensive care unit (ICU). She received hymdration of 20 ml/kg/h of Ringer's lactate and repeated intravenous dantrolene (0.5 mg/kg) for 6 hours for the treatment of MH. Two hours after being transferred to the ICU, urine output increased, and the patient became afebrile at 15 hours after transfer to the ICU.
Magnetic resonance imaging (MRI) using a short-time inversion recovery sequence (STIR) was performed on the whole body for the diagnosis of rhabdomyolysis. MRI demonstrated a high intensity in the deltoid muscles (Figure 2(a)). These findings were consistent with rhabdomyolysis. On the fifth day after the operation, the patient returned to the ward. She showed no high fever, and urine and serum myoglobin improved to 30.3 and 272.6 ng/dl, respectively ( Table 1) .
The patient was discharged at 46 days after the operation. MRI of the deltoid muscles performed on the day of discharge was normal (Figure 2(b) ). 
Discussion
MH is a pharmacogenetic disorder of skeletal muscle that presents as a hypermetabolic response to potent volatile anesthetic gases such as halothane, sevoflurane, and the depolarizing muscle relaxant succinylcholine, and rarely, in humans, to stress such as vigorous exercise and heat [4] . Early MH signs include masseter muscle rigidity, a rise in endtidal CO 2 , acidosis, and unexpected tachycardia due to hypermetabolism [5] . Succeeding signs include an increased body temperature, which is the origin of the term "MH", and ventricular arrhythmia. As late signs of MH, continuous muscle contractions may provoke generalized muscle rigidity, which is typically followed by rhabdomyolysis when inappropriately treated [5] . Late signs also include cardiac arrest with hyperpotassemia, colacolored urine, and a rise in creatine kinase (CK) [5] . We used the diagnostic criteria of Morio et al. [3] for the diagnosis of MH in our patient, who was classified as f-MH due to significant hyperthermia over 41˚C. The clinical grading scale (CGS) of Larach et al. [6] for MH is divided into 1 -6 categories. According to the CGS, our patient's clinical characteristic was category 5 "very likely", and MH was strongly suspected. For a definitive diagnosis, muscle biopsy is necessary to detect a genetic mutation of the ryanodine receptor, RYR1, a calcium channel receptor which controls the release of calcium from sarcoplasmic reticulum [7] . However, we could not obtain consent for muscle biopsy from her family. Therefore, the diagnosis of MH was made based on the clinical diagnostic criteria and CGS.
Although the onset of MH is rapid after the induction of anesthesia in most reported cases with MH, it took 30 hours after the operation in the present case. We initially suspected respiratory infection at 30 hours postoperation, followed by a delay in the diagnosis of MH. The early diagnosis and initial treatment for MH are important prognostic factors; the mortality rate due to MH is 2.6% when the maximum body temperature is less than 40˚C, but the mortality rises to 53% when the maximum temperature exceeds 41˚C, such as in the present case [8] . Therefore, a prompt reduction in the body temperature from hyperthermia is important to improve the prognosis.
In the present case, we thought that the reasons for the delayed onset of MH involved the small amount of skeletal muscle and stress of pain associated with the operation. It is assumed that MH tends to occur in people that have a large volume of skeletal muscle and a higher metabolic rate, and the symptoms become apparent at several hours after induction [7] . The amount of skeletal muscle in the present case was lower than normal because she was ≤ -2 SD of the average weight. Therefore, it remains possible that the onset of MH was delayed in our patient. Another theory for the late onset of MH is the involvement of the stress of pain associated with the operation in patients with neurological impairment. Sayo et al. [9] started that pain control was an important intervention to decrease the postoperative stress leading to MH for children with neurological impairment in the perioperative period. Stress in the postoperative period might have been a factor triggering MH in the present case. Based on this theory, it is important to closely follow patients with neurological impairment for the early detection of several signs of MH, even in the postoperative period.
MRI was useful for the diagnosis of rhabdomyolysis in the present case. Moratalla MB et al. [10] referred to the importance of MRI in the diagnosis of rhabdomyolysis. STIR images of MRI display a good contrast between normal and abnormal muscles and better differentiation of the damaged muscles from the adjacent fat due to its fat suppression [10] . In the present case, a high signal intensity was present on STIR due to rhabdomyolysis caused by postoperative MH. The sensitivity of MRI of the extremities to detect abnormal muscles is higher than that of CT or ultrasound (100%, 62%, and 42%, respectively) in patients with rhabdomyolysis [11] . Furthermore, for signal abnormalities on MRI might persist for longer compared with the improvement of clinical signs of MH [11] .
Conclusions
We experienced an episode of postoperative MH in a patient with neurological impairment. In conclusion, our experience suggests that MRI of the extremities provides an accurate tool for the diagnosis of rhabdmyolysis in patients with postoperative MH. Furthermore, we need to consider that MH can occur after surgery even in patients even with neurological impairment, especially with unusual postoperative hyperthermia.
